Introduction
As the most abundant metal in the Earth's crust, 1 aluminum is widely used in water treatment, food additives, deodorants, bleached flour, clinical drugs, and storage/cooking utensils. 2−5 However, free Al 3+ , which is formed from leaching due to acid rain, is not only detrimental to growing plants 6, 7 but also damages the human nervous system and immune system, 8 which can cause many health problems such as Alzheimer disease, Parkinson disease, breast cancer, and dialysis encephalopathy. 9−13 According to the World Health Organization (WHO), the average daily human intake of aluminum is approximately 3-10 mg. 14,15 For these reasons, it is important to develop methods for aluminum detection.
There are several analytical methods for detecting Al 3+ such as atomic absorbance/emission spectroscopy, 16 inductively coupled plasma-mass spectroscopy (ICP-MS), 17 voltammetry, 18 electron paramagnetic resonance (EPR), 19 and high performance liquid chromatography. 20 Most of these methods require complicated samplepretreatment procedures, sophisticated synthetic procedures, and high operation costs. In contrast, colorimetric and fluorimetric methods require easier procedures. Organic molecules can be used as sensors (either colori- 
Results and discussion

Design and synthesis
The initial goal of the synthesis of NBAR and NSAR was to coordinate to Al 3+ ions with high binding constants and the receptors were designed based on the principles of coordination chemistry. The receptors have the same binding parts. The only difference is that NBAR has one double bond less than NSAR, indicating that NBAR will show absorption maximum at lower wavelength. The designs of the NBAR and NSAR receptors were carefully developed with a coordination site of one nitrogen and one oxygen atom to afford two five-membered rings in 2:1 binding between the receptors and Al 3+ . The receptors were synthesized in a one-step procedure with overall yields of 86% and 80% for NBAR and NSAR, respectively (Scheme 1). The structures of the receptors were confirmed by 1 H NMR and 13 C NMR and mass spectrometry. 
Spectroscopic and selectivity studies
First, we measured the changes in the absorbance properties of NBAR and NSAR as a result of the addition of various metal ions. The absorption spectra were recorded at ca. (Figure 1c ). The effect of pH on NBAR and NBAR-Al 3+ was investigated at pH range over 1 to 10. The pH of solution was adjusted by adding HCl and NaOH to a mixture solvent of ACN/H 2 O (1:1) and was measured by a pH meter. As seen in Figure 2a , the NBAR sensor had no response to hydrogen ions at pH between 5 and 9 but did give a response to hydrogen ions at pH below 4.5. These results demonstrate that Al 3+ recognition by sensor NBAR is barely interfered with by pH in the range from 4.5 to 9. We also examined the interferences from the other metal ions with NBAR in its response to Al 3+ . Each of the 13 metal ions was pre-incubated with NBAR before 1 equiv. of Al 3+ was added; the absorption response was then measured. As shown in Figure 2b , the absorption spectrum of NBAR with Al 3+ was not affected significantly in the presence of any of the other metal ions tested, demonstrating little interferences from the other metal ions. Obviously, remarkable selectivity for absorption detection of Al 3+ can be available even in the presence of co-existing metal ions.
We also did the same selective experiments for the sensor NSAR. The changes in the absorption spectra of NSAR with the addition of different metal ions (1 equiv.) in ACN/water (v/v, 1:1, pH 6.80) are shown in Figure  3a . The free NSAR exhibited absorption maxima at 385 and 244 nm; as expected, its absorbance maxima were at a longer wavelength (385 nm) than that of NBAR (356 nm) due to one extra double bond. After adding Al The effect of pH on NSAR and NSAR-Al 3+ was monitored by absorption spectra. As seen in Figure 4a , the NSAR sensor had no response to hydrogen ions at pH between 5 and 8. These results demonstrate that Al 3+ recognition by the NSAR sensor was barely interfered with by pH in the range from 5 to 8. We also examined the interferences from the other metal ions with NSAR in its response to Al 3+ . The absorbance of NSAR with Al 3+ was not affected significantly in the presence of any of the other metal ions tested, demonstrating little interferences from other metal ions (except Hg 2+ , NSAR also gave a response to Hg 2+ ions) (Figure 4b ).
Binding studies
In this section, the binding properties of the complexes NBAR-Al 3+ and NSAR-Al Triple Quadrupole). UV/vis spectra were recorded on a Shimadzu UV-1800 spectrophotometer at 293 K. The pH measurements were carried out on a Corning pH meter equipped with a Sigma-Aldrich micro combination electrode calibrated with standard buffer solutions.
Synthesis and characterization of the receptors
Preparation of (2-(4-(dimethylamino)benzylideneamino)-5-methylphenol (NBAR)
4-(Dimethyl)aminobenzaldehyde (500 mg, 3.35 mmol) and 2-amino-5-methylphenol (410 mg, 35 mmol) were mixed and stirred for 2 h in ethanol (10 mL) at room temperature. The reaction was monitored by TLC 
Preparation of 3-(4-(dimethylamino)phenyl)allylidene)amino)-5-methylphenol (NSAR)
4-(Dimethyl)aminocinnamaldehyde (500 mg, 2.85 mmol) and 2-amino-5-methylphenol (350 mg, 2.85 mmol)
were mixed and stirred for 4 h in ethanol (10 mL) at room temperature. The reaction was monitored by TLC 
The apparent binding constant and the fraction of the ligand that participates in the complex are shown in Eqs. (2) and (3).
The subscript e means concentrations at equilibrium. The ratio of the equilibrium between the complex, [SAl] e , and the initial concentration of the receptors, [S] o , can be derived from the absorbance of the receptors at a chosen wavelength when the system is at equilibrium. The result of the derivation is shown in Eq. (4). 
